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THE EFFECTS OF AN INCREASE IN THE CONCENTRATION OF ETHYLENE
DIBROMIDE IN A LEATED FUEL ON LEAD DEPOSITION, CORROSION
OF EXHAUST VALVES, AND KNOCK-LIMITED POWER

By B. A. Mulcahy and M. A. Zipkin

INTRODUCTION

Hot corrosion of the crown of the exhaust valve hag been found
to be one of the principal causes of exhaust-valve failures (refer-
ence 1). Banks (reference 2) and Hives and Smith (reference 3) have
concluded that this hot corrosion is a result of the action of lead
oxide deposited on the head of the valve during the cambustion of a
fuel containing tetraethyl lead. Analysis of deposits on the crowns
of several exhaust valves has shown a large percentage of the deposit
to be lead compounds, which indicates that all of the lead was not
scavenged from the cylindsr.

In order to prevent the formation of these lead deposits within
the cylinder, ethylene dibramids is added to the leaded fuel. The
function of the ethylene dibramide is to react with the lead to form
volatile compounds that will be scavenged with the exhaust gases.
Fuels currently used in alrcraft englnes contaln 0.96 gram of ethylene
dibramide per milliliter of tetraethyl lead, which is the guantity
theoretically required to combine with the lead. A fuel containing
this concentration of ethylene dlbromide 1s designated a 1-T mix.

In order to determine whether am excess of ethylene dibramide
might decrease the amount of unscavenged lead 1n the cylinder and
thereby reduce valve-crown corrosion, two engine tests (tests A and
B) were conducted during June and July 1944 at the NACA Cleveland
laboratory using a 1-T mix and a 2-T mix (a fusl containing twice
the amount of ethylene dibramide theoretically required to combilne
with the lead) and the amounts of resulting valve corrosion were
campared. A third test (test C) was run to . investigate the possi-
bility that edditional ethylene dibromide in the fuel might, by
cambining with the lead, reduce the knock-limited power obtalnable



2 NACA ARR No. ES5EO4a

with the fuel. Xnock-limited 1ndicated mean effective pressure in
a Wright C9GC cylinder was determined over & range of fuel-alr ratios
for 1-T end 2-T mixes of AN-F-23 (28-R) fusl.

APPARATUS AND TEST PROCEIURE

In all the tests standard laboratory equipment was used to
measure engine speed, power ontgnt, cylinder Lemperetwsres, end fuel
and alr consumpticn. Rnock was detectoad by e magnstizs~tyce knock-
indicator pilckup mounted on the rear spark plug and connacted to a
cathode-~rey oscllloscope.

Test A, which consisted of two runs, was conducted on an NACA
universal test englne crankcase with a used Wright C9GC cylinder,
An unused Wright C9GC exhaust valve was employed for each run. The
first run of test A conslisted of 22 hours of operation using a 1-T mix
of AN-F-28 (28-R) fuvl, containing 4.53 milliliters of tetraethyl
load per gallon. The sscond run using an edditional 4.35 grams of

ethylene dibromido per gallon (2-T mix) was terminated after 16—% hours'

operation because of excessive afturfiring. Afterfiring was noted
throughout both runs, but on the second run ths afterfiring reached
the point at which the operator deemed 1t advisable to shut down.

After each run tho depcslt on the crown of the piston was removed
and analyzed for leed content. The deposits on the valve crowns
resulting from combustion were removed by the elsctrolytic process
described in reference 4. The amount of corrosion was determined on
the basis of welght loss sustalined by each valve during operatlion at
the following conditlions:

Engine speed, rPm . . . ¢« . ¢« ¢« ¢ ¢ 4 4 et 4 s e 0 o e e . 4 2200
Fuel-air ratio . . o ¢ « ¢ ¢ ¢« ¢ o ¢ ¢ ¢ ¢ o o s o ¢ o o « o« 0,081
Indicated mean effective pressure, pounds per squere inch . . . 205
Temperature of rear spark-plug bushing, °F . . . . . . .. . . 450
Cambustion-alr inlet temperature, R 150
Spark edvance, degrees B.T.C. o s s s e s s s s e e e s . 22.5

Tests B and C were run on a single-cylinder conversion of a
Wright R-1820-73 crankcase with a used Wright C9GC cylinder. In
test B comparative weight-loss runs vere made on two unused valves
using 1-T and 2-T mixes of AN-F-28 (28-R) fuel with the tetraethyl
lead content increased to 6.0 milliliters per gallon. The test con-
aisted of 18 hours of engine operation with each valve at the same
engine conditions as those of test A with the exception of the
combustion-air inlet temperature, which varied between 90° F and
100° F. No coambustion-alr heater was avallable for this test.
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In test C knock-limited indicated mean effective pressure was
determined over a range of fuel-alr ratios for 1-T and 2-T mixes of
AN-F-28 (28-R) fuel under the following conditions:

Engine speed, TIM « « « & + « « o » s a s s o o » o s o s s » 2200
Combustion-alr inlet temperature, ° . . . . +. « ¢« ¢« + . » « 250
8Spark advance, dsgrees B.T.C. B R Y
Cooling~air pressure drop across oylinder, inches of water . . 8

RESULTS AND DISCUSSION

The results of tests A and B to determine the effect of ethylene~
dibromide concentration on lead corrosion of the exhaust valve are
sumarized in the following table:

Fuel Welght loss of valve

TEL Mix|Length of test| Total Rate Rate
(ml/gal) (hr) (grams)| (gram per |(percentage of
hour) loss with 1-T

mix)

4.53 1-T 22 5.18 0.235 100

2-T 163 1.97 .119 51

6.0 1.T 18 3.17 0.1786 100

2-T 18 .53 .029 16

The exhaust valves used in test A are shown in figure 1 before
they were cleaned. The valve tested in the first run with the
1-T mix shows considerable deposit (fig. 1(a)), whereas the other
valve operated in the second run with the 2-T mix shows less deposit
(fig. 1(b)). The same trend was observed after 18 hours' operation
with the lead content of the fuel jinoreased from 4.53 to 6.0 milli-
liters per gallon. (See fig. 2.)

After both runs of test A, the deposlit on the piston crown was
removed and anslyzed to determine the lead content. The plston crown
was used instead of the valve crown to determine the amount of deposlt
because of its larger area and because the corrosion of the valve
makeg quantitative analysis of deposits difficult. It was found that
the rate of lead deposit on the piston crown during the portlion of the
test using 2-T mix was 73 percent of the rate during the portion using
1-T mix,
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In test B when the lead content of the fuel was lncreased to
6 milliliters per gallon, measwrements were made of the amount cf

materlal deposited on the spark-plug electrodes. These data are
presented in the following table:

Spark plug|Mix|VWelght of devosit Reduction in
(gram) depostt
(percent)
Fiont 1-T 0.083 0
2-T .021 75
Rear  |1-T| 0.1089 0
2T | .014 87

The coniitlons selected for test A were such that the exhaust-
valve temperaturo would be approximately 1200° F as estimated Tfrom
tle datu of figuce 6 of reference 5. In test B the combustion-air
inlet temporature was reduced fram 150° F to 95° F +5° F, which
regultod in a reduction iIn valve temparature., This change 1n valve

tompeiature probably accounte foi the reductlion in amount of valve
corrcslon in test B.

Tho results of test T are presonted in figure 3, which shows
knock~limited indicated mean effeoctive pressures obtalnable in &
Wright CSGC cylindwr with 1-T and with 2-T concontrations of ethyl-
ene d’bramide in tho fucl, Waen tho ethylens-dibromide concentra-
tion was increcased to a 2-T mix, thore was apparently no effect on
knock limit cver tke range of concitions iInvestigated; all test
points with both fuols Tell. on a single curve wlthin the limits of
reproducibiiity. Tho knock tests were conducted without disassem-
bly o the engine and no attempt was made tc measure valve corro-
slon during tteose tests,

The increase I1n knock-limited power obtainable by increasing
the amourt of tetraethyl lead in S reference fuel 1s shown in flg-
ure 4, wiuich was plotted from unpublished data. Increase of the
lead content of fuels is limited principally by the resulting lead
deposits on the spark-plug eloctrodos and by the lead corrosion of
the exhaus:t valve. Inasmuch as thceo effects aro reduced by the use
of additional ethylecno dibromido, advantago could be taken of the
higher power obta‘nable wiltlh incrcasod tetraethyl~lead content 1f
the proportion of othylene dlbromido to totraothyl load wore in-
cruasod.
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SUMMARY OF RESULTS

The followlng results were obtained from tests run to deter-
mine whether an excess of ethylene dibromide might decrease the
amount of unscavenged lead in the cylinder and thereby reduce valve-
crown ocorrosion:

1. When ethylene dibromide in excess of the amount theoreti-
cally required tc combine with the lead in the fuel (1-T mix) was
added, the corroslon of the exhaust-valve crown and the material
deposits on the plston and spark plugs were reduced.

2. Fuel contalning twice the theoretical amount of ethylene
dibromide (2-T mix) produced the seme knock-limited indicated mean
effective pressure as did fuel containing the theoretlical amount
of ethylene dibromide (1-T mlx).

Alrcraft Engine Resoarch Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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(a) Valve after 22 hours of operation (b) Valve after 16§-hours of operation
using 1-T mix. using 2-T mix.

Figure 1. - Comparison of exhaust valves after operation with fuels having different
concentrations of ethylene dibromide. Wright C9GC cylinder; engine speed,
2200 rpm; indicated mean effective pressure, 205 pounds per square inch;
fuel-air ratio, 0.081; fuel, AN-F-28 (28-R) with 4.53 milliliters of TEL

per gallon.
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fa) Valve after test using 1-T mix. (b) Valve after test using 2-T mix.

Figure 2. - Comparison of exhaust valves after 18 hours of engine operation with fuels
having different concentrations of ethylene dibromide. Wright C9GC cylin-
der; engine speed, 2200 rpm; indicated mean effective pressure, 205 pounds
per square inch; fuel-air ratio, 0.081; fuel, AN-F-28 (28-R) with 6.0
milliliters of TEL per gallon. :
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Wright C9GC cylinder; engine speed, 2200 rpm; combustion-
cooling~air pressure drop across cylinder, 8 inches of water; spark

coancentrations of ethylene dibromide.
air temperature, 250° P;

timing, 200 B,T.C.

Puel-air ratio

"ON H¥V YOVN

®Hh0363

*b1 3

£




NACA ARR No. EBEOQO4a

200

v
(2]
o

v
[
o

power with S reference fuel
R E
o o

Percentage power based on 100 percent

100
0

Fig. d

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

=alr ratio
07
/
///’ //,r L 085
/ 7
"
/ .10

A\

/,

2 TRL, -15%.1

6

Figure 4. -~ Variation of power increase with tetraethyl~lead

concentration for S reference fuel as determined by the

F-4 rating method. (Plotted from unpublished data.)




b 7779

BICI P60 (R4 47)
Mulcahy, B. A. pvISION: Fuels and Lubricants (12) ORIG. AGENLY MU'ARER
Zipkin, M. A. secTion:  Liquid Fuels (2)
CROSS REFERENCES: Fuel additives - Effect on engine life| ARR-E5EOLa
{42261); Fuels - Corrdsive effecte ——TVEoN "
UTROA(S) . (42430)
AMER. TITLE: Ths effecte of an increase in the concentration of ethylene dibromide in a
leaded fuel on lead deposition, corrosion of exhaust valves, end knock-limited

pover

ORIGINATING AGENCY: National Advisory Committee for Aerconautics, Weshington, D. C.
TRANSLATION;
COUNTAY | LANGUAGE [FORG'NCLASS] U.SCLASS.| DATE |PAGES] iLLUS. FEATURES
u.5, Eng. Unclass. JJun'L5 9J 6 Iphoto, tables, graphe
ABSTRAGY .
Tests to determine effect of ethylene-dibromide concentration on lead corroeion of
exhauet valve of aircraft engine. Results shoired that when ethylene dibromide in ex-
ceee of amount theoretically required to combine with lead in the fusl wes added, cor-
rosion of exheust-valve crown and material deposits on piston and spark plugs were re-
duced. Fuel containing twice the theoretical amount of ethylene dibromide produced the
same knock-limited indiceted mean effective pressure as did fuel containing theoreticel
amount.
NOTE: ggguests fornt‘:cé;‘zies of this report must be addressed to: N.A.C.A.,

1-2, KQ., AR MATERIEL COMMAND .«‘an ‘U’ECHMCAI. UNDEX WRIGHT FIELD, OHIO, USAAF  /
TR0-71 AT O 2




o - 20037
TITLE: The Effects of an Increase in the Concentre‘x&iﬂ;fa}itshylene Dibromide in a Leaded ARI-sack

Fuel on Lead Deposition, Corrosion of Exhaust Valves and Knock-Limited Power
AUTHOR[S):: Mulecahy, B. A.; Zipkin, M. A.
ORIGINATING AGENCY: Alrcraft Engine Research Lab., Cleveland, O.
PUBLISHED BY: National Advisory Commiitee for Aeronautics, Washington, D. C.
%

eaTE DOC ClASS. CouNTET LANOUAGE PAGES ML tEA O ;,}‘
Oct 44 Restr. 0.8 Eng. 10 photos, graphs
AZSTRACT:

‘Tests were conducted to determine if an excess of ethylene dibromide might decrease the
amount of unscavenged lead in the cylinder and thereby reduce valve-crown corrosion. When
ethylene dibromide in excess of the amount theoretically required to combine with lead in the
fuel (1-T mix) is added, corrosion of the exhaust-valve crown and material deposits on piston
and spark plugs were reduced. Fuel containing twice the theoretical amount of ethylene di-
bromide (2-T mix) produced the same knock-limited indicated mean effective pressure as did
fuel contzining the theoretical amount of ethyiene dibromide (1-T mix).

w L8 —
EO1050! dd 6 NoV 1958
DISTRIBUTION: Request copies of this report only from Publishing Ageacy
DIVISION:  Fuels and Lubricants (M J O [ SUBJECT HEADINGS: Fuel additives - Effect on engine life

SECTION: Liquid Fuels™{24— a9 (42261); Fuel additives - Effect on engine performance
(42261.113); Cylinders - Endurance - Effect ¢f fuel mixture
ATl SHEET NO.: R-12-2-18 | (28486); Valves, Exhaust - Corrosion (96215)
Air D Division, Intelli Department AIR TECHMICAL INDEX Wright-Patiersan Air Force Base
Als Materiei Command BEomRAED Daylen, Ohia




